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ON THE STRUCTURE OF FINITE CONTINUOUS GROUPS WITH A 
SINGLE EXCEPTIONAL INFINITESIMAL TRANSFORMATION. 

By S. D. Zeldin. 

Introduction. — Let Xi, • ■ ■ , X r , X r +i be the symbols of the infinitesimal 
transformations of a finite continuous group G with r + 1 essential param- 
eters, in which case 

(1) (X t , Xj) = £ c ijk X k * (i, j = 1, 2, • • • , r + 1). 

The symbols of the infinitesimal transformations of the group T adjoint 
to G are then 

(2) D, = Z £ a jCjik ± f (i = 1, 2, • • -, r + 1); 
and we have 

(3) (/>,-, /);) = Z C-Ai (»', i = 1, 2, ■ • -, r + 1). 

The group T has r + 1 essential parameters (i.e., there is no linear 
relation with constant coefficients between D u • • • , D r+ i) if, and only if, 
G contains no exceptional infinitesimal transformation, i.e., no infinitesimal 
transformation 2Z;i! «iA', such that 

(4) (J2 aiXi, X-i = E o,-(X,-, Z ; ) = (j = 1, 2, • • •, r + 1). 

Corresponding to each independent exceptional infinitesimal transformation 
of G, X a-iXi, is an independent linear relation ]Li=i «;£>> = between the 
differential operators A, • • •, i?r, Ah-l|| 

We shall assume in what follows that the group G has just one exceptional 
infinitesimal transformation, which we may take without loss of generality 
to be X r+ i. In this case, 

r 

/-n i^i, X^ = ]T c ijk X k + a, j, r +iX r+1 (i, j = 1, 2, ■ ■•, r), 

(X it X r+1 ) = (X r+1 , X t ) = (i = 1, 2, • • ■, r, r + 1); 



* Lie-Scheffers, Continuirliche Gruppen, p. 391. 

t Lie, loc. cit., p. 466. 

| Lie, loc. cit., p. 467. 

§ Lie calls it "ausgezeichnete," loc. cit., p. 465. 

|| Lie, loc. cit., p. 465. 
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so that 

(6) c it r+ i, k = — c r+ i, i,k=0 (i, k = 1, 2, • • •, r, r + 1); 

and, therefore, 

r r+ 1 *J 

D r+ 1 = 0, Z>, = £ X "jCy,* — - , 

,~s j=i *=i oat 

(Di, Z>y) = 2 Ciy^t (i, j = 1, • • •, r). 
*=i 

In consequence of the assumption that G contains just one exceptional 
transformation, there will exist a finite continuous group G' with r essential 
parameters generated by r infinitesimal transformations, whose symbols 
we shall denote by Yi, • • • , Y r , such that 

(8) (Y t , Yj) = £ c ijk Y k * (i, j = 1, 2, • • -, r). 

Let r' denote the adjoint of G', and the symbols of its infinitesimal 
transformations let be D', • • •, D' r , where 

(9) D \ = £ E «^,- t / (i = 1, 2, • • • , r) . 

We have then 

(10) (ft, D'j) = t. cukDi (i, j = 1, 2, • • ., r). 

In what follows we shall investigate the conditions that may be imposed 
on the structure of G' (when, as assumed, G has just one exceptional in- 
finitesimal transformation) so that we shall have 

(11) Ci, k, r+i = ~ c kt ,-, r+1 =0 (i, k = 1, ■•■,r,r+ 1); 

and we shall show, if there is just one spread invariant to the adjoint of 
G' (which will be assumed in what follows), that then 

(11) d, k, r+i = — c k , i, r+i = (i,k=l,---,r,r+ 1), 

or, by a suitable choice of the X's, these conditions will be satisfied. From 
what is stated below, it follows that, when the adjoint of G' has but one 
invariant spread, this spread is an (r — l)-spread. 

Invariant spreads of the adjoint. — Lie showsf that the invariants of the 
adjoint of any finite continuous group may be taken homogeneous: if there 
is only one invariant, it will be homogeneous but not of order zero ; if there 
are two or more invariants, all of them can be taken homogeneous and of 
order zero except one, which will be homogeneous but not of order zero. 

* Lie-Engel, "Transformations Gruppen," Vol. I, pp. 300-305. 
t Lie-Scheffers, "Continuirliche Gruppen," pp. 595-599. 
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Every function of a u ■ ■ ■ , a r invariant to the adjoint V of G', therefore, 
yields a spread invariant to V. Since, by supposition, the adjoint of G' 
has but one invariant spread, there is therefore but one function of a\, 
• • • , a T invariant to the adjoint of G' . This function will be denoted, in 
this paper, by <p = <p(ai, • • •, a r ), homogeneous in thea's; and then <p(a) = 
will be the only spread invariant to the adjoint of G'. 

The function <p(a) is a solution of the system of equations 



(12) 



J=l OOt\ 



+ • • • + 2 a i c h 



df(a) 
da r 



= (i = 1, 2, 



From d<p(a)jda r+ i = it follows, by (7), that 



Di<p(a) = "22 ctjCja 



(13) 



d<p(a) 
dai 



+ ■ • ■ + t Wir^ - D' i<P (a) = (i = 1, 2, 
i=\ aa r 



therefore, <p(a) is also an invariant of the adjoint of G. 
It is convenient to denote by 



(14) 



Ei = (c,n, 
CiU} 



Cifiy 



0) (i = 1, 2, 




Curt ' ' ' y Cirr; U 

Cj, 1, r+1, * * •, C», r, r+l> 



the matrix of the differential operators 



Di= 23 2Z a i c ;*j— 



Then 

(15) 



X flf^.- — (H a iCi, i, i, •••, ^a.Ci, r , i, 0) 






*> / . Gi^i, r, r+1, U 



r). 



r); 



r) 



(»= 1,2, ...,r). 



is the matrix of the general infinitesimal transformation X,-=i a iD, of T. 

Similarly we shall write 

(16) 8i= (cm, •••, dri) (i= 1, 2, ••-, r) 



<?ilr> 
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to denote the matrix of the differential operators 

r r 3 

#' - Z X) ctjCjikT- (i= 1,2, • • •, r); 

i=i k=i dak 

and then 

r 
(17) X a i&i — (2 a ' C »U, """J 2_) O.Crl) 



will denote the matrix of the general infinitesimal transformation £<=i a »^< 
of r'. 

Any invariant of the adjoint of G being a solution of the complete 
system of equations 

(18) Ddifx) = Z + E a jCjik ?M=0 (i = 1, 2, • • • , r), 

j=\ k=i oak 

the number of invariants of the group T, adjoint to G, is determined by 
the array 

r r 

£ <XjC,1\, •••, ^,OijCji r , X a i C i. 1. r+1 

(19) .'.... ' 

/ , OijCjrl, ' ' ' , 2—1 a jCjrr> 2—i a fiii T < r +l 

being equal to r + 1 less the order of the non-zero determinant of highest 
order formed from the array, and thus to the nullity of Yj<xjEj> where Ej 
denotes the transverse of Ej. Therefore, the number of invariants of G is 
equal to the nullity of Y. a i^i, being a solution of the complete system of 
equations 

(20) D'Jia) = t, t, «fii* ^ = (i = 1, 2, • • • , r). 

j=i *=i da k 

The number of invariants of the adjoint of G' is equal to the nullity of 
the array 

r r 

y^otjCju, • ••, 2^ a 3 c iiT 
i i 

(21) 

r r 

' ■ &jCjrl, * * ' > / . OCjCjrr 
1 1 

and thus is equal to the nullity of Y,\ a i&j (where, as before, Sj is the trans- 
verse of §j), or, what is the same thing, to the nullity of XJa/5/. 

Since it is assumed that the adjoint of G' has just one invariant, it 
follows that the nullity of J2i a i&i is one for an arbitrary system of values 
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of the a's, i.e., at least one of the minors of | 2Za,-5,-|* of order r — 1 is not 
zero. But every minor of |2>,-g,-| is a minor of | !>,•.£; |, therefore at 
least one minor of the order r — 1 of the determinant | YLonEi | is not zero, 
and thus the nullity of the matrix £<*,•£,• cannot exceed two for an arbitrary 
system of values of the a's. 

Further, for ct\, ■■■, a r , a r +i assigned, the symbolic equation 



(22) [T.a.-Xi, ZvJi) = 0, 
is satisfied for 

Vi = oil, •••, rjr = a r , r) T +\ = and rji = 0, 
But from (22) follows 

(23) ]T a t Ei(rj h ••■, n r +i) = (X a.'C.u, • • •) (vu •••> Vr+i) = O.f 



■ , 7]r — 0, 1) r +\ — 1. 



zZ a i C i, 1. r+1, 

Therefore, this system of linear equations has two independent solutions, 
namely, 

7/i = «i, • • •, r/ r = a r , ?7 r+ i = and vi = 0, • • •, r/ r = 0, r/ r+ i = 1. 
Whence it follows that the nullity of the matrix £«,■.£„ for any system of 
values of the a's, is at least two. Wherefore, the nullity of Y.°t-iEi, for an 
arbitrary system of values of the a's, is just equal to two; and thus the 
number of invariants of the adjoint of G is equal to two. 

The Holomorphic Invariant of the Adjoint. — Let the second invariant of 
the adjoint of G, independent of <p(a), be \p = xp(a, • ■ ■ , a r +i) homogeneous 
in the a's. We must have 

dip (a) 



(24) 



da 



#0. 



r+l 



For, otherwise, if ./ = 0, we get 



da 



r+l 



(25) 



D'Ma) = Z),<K«) = 0, 



and then, since the group adjoint to G' has but one invariant, we should have 
\p = W(<p), which is contrary to our assumption. 

By Lie's theorem, as stated above, \p(a) can be taken homogeneous 
(and of order zero, since a homogeneous invariant of the adjoint of G, viz., 
<p(a\, • • • , a r ), not of order zero, exists); and thus, we may put 



(26) 



H> 



«)-F(^,...,^) 

\a r+ i a r+ ij 



* The determinant of any matrix M will be denoted by \M\. 

t Lie-Scheffers, "Continuirliche Gruppen," pp. 558, 562. The notation used here 
is due to Cayley, Philosophical Transactions, 1858. 
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(27) 


a ai a ar a 

Pi — , - • - , Pr — , Pr+1 — OCr+1 ', 
(Xr+1 <*r+l 


then 




(28) 


on = ft ft + i, • • • , a r = ftft+i, <*r+l = Pr+1 


and 




(29) 


9F(ff) _ 

aft+i 


Let 




D t 


-DA w +--- + DA^+DA+i d ^ +i 



(30) 



(r r \ d 

2-i Cjirfij -ftL Cjir+l J qq 

2-1 CjirPj Pr 2—i Cjir+lPj J in 



r Q 

+ Pr+i JL Cjir+iPj ^5— (i= 1, 2, • • •, r). 

! OPr+1 

Then, if /(a) = ff(j3), 

(31) DtfW = Dif{a) (t= 1,2, ...,r). 

Therefore, 



(32) 



X) Cyaft - ft Z) C/ir+lft J -Tg- + •"+|8r + lE Cy.r+lft- 



3F03) 



'fljSrfl 

= 2)^03) - ZW(a) = (t = 1, 2, • • -, r). 



It follows that F(f3) is a solution of the system of equations 

(33) W) = 0, •••,Z7 r /(p-) = 0. 

Since the coefficients of this system of equations are rational integral func- 
tions of the /3's, the solution F(J3) of this system may be taken holomorphic 
in the neighborhood of ft = 0, •••, ft = 0, ft+i = 1. Consequently 



\a r +l (Xr+1 J 



IK. 

may be taken holomorphic in the neighborhood of «i = 0, • • • , a r = 0, 
<x r +i = 1. There are two cases: first, \j/{a) is algebraic; second, \p(a) is 
transcendental. 

The Function \p (a) Algebraic Invariant. — The invariant ip{a) is now 
assumed to be algebraic. In this case the invariant spread yp(a) = is 
represented by the rational integral equation of degree m homogeneous 
in the a's, 

(34) ¥(a) = Wo(«)«r+i + Mi(a)«"Vi + ■ • ■ + «*(«)<£« + h «»(«) = 0, 

where Wjfc(a) is a polynomial of degree k homogeneous in «i, • • •, a r . 
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Since the point (0, • • •, 0, 1), i.e., the point «i = • • • = a r = 0, a r+ \ = 1, 
corresponding to the exceptional infinitesimal transformation X r +i of G, 
is invariant to the adjoint of G* the polars of (0, • • •, 0, 1) qua ^(a) = 
are all invariant to the adjoint of G. These polars are: 

d¥(a) ml , N „, , , (m - 1) ! , N 

1! 

+ ••• +QJWm-l(a) = 0, 

d 2 *(«)_ ml , . M _ 2 , (m-l) l . . m _ 3 

"3^" = (m~^2y"! Wo(a:K+1 + (m^^)! Wl(aK+1 



(35) 



2! 
+ ••• + Q-jW m -2(a) = 0, 



a ^2^ (a) _ m , , (m - 1) 1 . . 

^2~ = K7 Uo(a)a r+ i + ■ —. Mi(a)a r+ i 



daT+{ _ 2! ""W"^ ' l! 



■ (m-2) l 
H Qj — «2(a) = 0, 



d" r-1 * r (a) _m! , N , (m - 1) ! . , 
^ a m-i = jj «o(a)ar + i i ttj Mi (a) = 0. 

In the equation 

¥(«) s= w (a)«r + i + %(a)«r+i 1 + • • • + tt»(a) = 

we may either have «o(a) + 0, in which case the point (0, • • •, 0, 1) is not 
on the spread ^(a) = 0, or wo(a) = 0, and thus the point (0, • • •, 0, 1) is 
on the spread ty(a) = 0. In the former case, there is an (r — l)-flat not 
passing through the point (0, • • •, 0, 1), namely, the (m — l)th polar of that 
point quS ^(a) = 0, 

3— i*( a ) ml (to - 1) ! 

(36) g^-i = jy «o(a)«r+i H qj «i(a) = 0, 

invariant to the adjoint of G. 
Let a (1) , a (2) , • • •, a (r) , where 

a«= (a ( {\ ■ ■ ■ , ai"\ a" r+1 ) (v = 1, • • -, r), 

3 m-1 ^ r (a) 
be any r points in the (r — l)-flat . m _ 1 = not lying in any (r*— 2)- 

flat. These r points together with the point a < - r+1) = (0, • • •, 0, 1) then 
constitute a system of r + 1 points not lying in any r-flat. 

Let us transform the coordinate system by the transformation 

(37) ai = 5ia ( /> + • • • + a^p + a r+1 a[^ (i = 1, 2, • • •, r, r + 1), 
* Lie-Scheffers, "Continuirliche Gruppen," pp. 465, 485. 
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where 

a <H-i) = (ij= r + 1), aW> = 1. 

In Cayley's notation this transformation can be written: 

(«i, • • •, a r , dr+i) = (a{ w , ■ • -, a[ r) , 0) («i, • • •, a r , a r4 i). 



And now if 

(38) Zj = a'/'Zi + • • • + aF'X, + a%,X T+l (i = 1, 2, ■ ■ •, r, r + 1), 
or 

(X, • • ■, Z r , Z r+1 ) = «, • • -, a"', at 1 !,) (Z, ■ ■ -, Z r , Z rfl ), 






P, •••, 0, 1 

then 

(39) r f d a i X i =Y, ai X i . 



i=\ 



The infinitesimal transformations X\, • • • , X r , X r +i will then be inde- 
pendent, since the determinant 



/° • • • rv a) rv (1) : 

M > ' "' ' "'+1 I „(0 . . . n (\) 



,a'{ } , ■■■, a { P, aViJ. „ M "... f r, 

0, •••, 0, 1 ! " ' r 



= 0: 



and we shall have 

(40) {Xt, Xj) = £ c ijk X k (i, j = 1, 2, • • -, r, r + 1). 

Since Zi, • • •, Z r are represented by the points a (1) , • • •, a M in the (r — 1)- 

flat 

(ra — 1) ! , , , (m — 1) ! , , „ 

— -p-^- «o(a)a r+ i + -— -j--«i(aj = 

which is invariant to the adjoint of G, they will constitute an invariant 
subgroup of G* and thus 

(41) (Z^ Z ; ) = £ c^Z* (t = 1, 2, • • •, r; j = 1, • • •, r, r + 1). 



* Lie-Scheffers, "Continuirliche Gruppen," pp. 485-487. 
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Further, X r +i = X r+i . Whence 

(42) Cij r+ i = — Cjir+i = (i, j = 1, 2, ■ ■ ■, r, r + 1), 

which was to be proved. We may therefore assume that u (a) = 0. 

If now m = 1, the equation of the spread invariant to the adjoint of 

dty(a) 
G is ^(a) = u\(a) = 0. But in this case = 0, which is contrary to 

da r+ i 

our assumption. 

Let m = 2. The equations of the invariant spread and the invariant 

polars are then 

d^(a) 
■V(a) = ui(a)a r+ i + Ut(a) = 0, -r-±-' = %(«) = 0. 

da r+ i 

Let 

ui(a) + 0, 112(a) + 0, Ui(a) + Ui(a)-Vi(a), 

where vi(a) is a function linear in «i, • • •, a T . If now 
ui(a) = 0, then ?^ = 0; 

ddr+1 

and since this equation is invariant, Ui(a') = — - —, — = 0, where a[, • • • , a' r , 

da, + i 

a'r+i are the coordinates of the point obtained by applying the infinitesimal 

transformations of the adjoint of G to the point (ai, • • •, ov+i). Again, if 

ui(a) = 0, u 2 (a) = 0, 
then 

d*(a) 



da r . 



ui(a) = 0, V(a) = ui(a)a r+ i + ?< 2 (a) = 0; 



•+1 



and, since these equations are separately invariant to the adjoint of G, it 
follows that 

d -pfi- = uM') = 0, ¥(«') = in(a')a' r+l + «,(«') = 0; 

and thus 

%(«') = 0, w 2 (a') = 0. 
Therefore, the spread 

wi(a) = 
and the spread 

ui(a) = 0, 112(a) = 

are both invariant to the adjoint of G', which is contrary to the assumption 
that the adjoint of G' has but one invariant spread. 
If 

Mi (a) + 0, « 2 (a) = 0, 
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then the invariant spread 

ty(a) = Ui(a)a r+ i = 

is reducible. In this case each component of that spread is invariant to 
the adjoint of G; and therefore, 

OCr+l = 

is an invariant flat not passing through the point (0, • • • , 0, 1), a case already 
treated above. In this case we can clearly see that 

Cijr+i = - Cjir+i = (i, j = 1, 2, • • •, r, r + 1). 
If 

Mi (a) = 0, w 2 (a) + 0, 
then 

99(a) _ 



da r 



0, 



■+i 



which is contrary to the assumption. 

If 

«i(a) + 0, ui(a) = Vi(a)-in(a) # 0, 

where Vi(a) denotes a function linear in «i, •••, a r , then the invariant 
spread 

^(a) = Wi(a)-a r+1 + w 2 (a) = ui(a)[_a T +i + J>i(a)] = 

is reducible ; and the component flat 

a r+ i + i'i(a) = 

is invariant and does not pass through the point (0, • • •, 0, 1), in which 
case, as was shown above, we can, by a suitable choice of Xi, • • • , X r , X r +u 
make 

Cijr+i = - c jir+ i = (i, j = 1, 2, ■•■,r,r+ 1). 

Let now m be any positive integer greater than 2. The equations of 
the invariant spread and the invariant polars are then 

9(a) = Wi(a)a'; i + 1 1 + u 2 (a)a7+? + h u m (a) = 0, 

99(a) (m - 1) ! , , ,„_ 2 , , 1 ! , , n 

-~^ = ) sf. ui(a ) -ar +1 2 + h K . u m -i(a) = 0, 

9a r+ i (m — 2) ! ! 

9 m ~ 2 9(a) (m - 1) ! , . , (m - 2) ! 

9a r+1 1 ! U ! 



-•+1 
3"*- 1 ^(a) _ (m - 1) ! 



Mi (a) = 0. 



dar+i 1 0! 

First, let «i(a) 4 s 0. Then either u 2 (a) # does not contain ui(a), or 
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Ui{a), 113(a), • • ■ , u p (a) (p =i in) each contain ui(a). In the former case, 
as we have seen before, the spread 

ui{a) = 
and the spread 

Ui(a) = 0, Ui(a) = 

are both invariant to the adjoint of G' , which is contrary to our assumption. 
In the latter case 

1/2 (a) = Vi(a)-Ui(a), 
113(a) = ih(a)-Ui(a), 



Wp_i(a) = v p -.i{a)-Ui(a), 
u p (a) = Vp-i(a)-Ui(a), 



where v^ia) is a function of degree k homogeneous in a.\, • • • , a T . In this 
case each of the invariant spreads 

d m ~^( a ) 

"da^T = (q = 2, 3, • • -, p) 

is reducible. Therefore, the component flat 

(ot - 1) 1 (m - 2) ! 

j-j a r+i -\ q| ci(a) = 

is invariant. This case has been treated above. 
Secondly, let 

111(a) = 0, «,(«) # 0. 

Either u 3 (a) 4 s does not contain ui(a), or 1/3(0:), w 4 (a), • • •, w p (a) (p S m) 
each contain 1/2 (a). In the former case, by reasoning similar to that 
employed before, it appears that the spread 

w 2 (a) = 
and the spread 

1/2 (a) = 0, « 3 (&) = 

are both invariant to the adjoint of G'. In the latter case 

1/3 (a) = i'i(a)-M 2 (a), 

Mp_i(a) = Vp- 3 (a)- 112(a), 
u p (a) = »p_ 2 (a)-?/2(a), 

where Vk(a) is a function of order k homogeneous in ct\, • • • , a r . In this 
case each of the invariant spreads 

d m - q <k(a) 
da>r , = (q = 3,4, -...p) 
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is reducible. In particular the invariant spread 

d m -^(a) (m - 2) ! , . , (m - 3) ! , N 
da »' Z 3^ = — 2~! W2< - a ' ) -c * r+1 "" V — U ^ a ' 

— «2(«) 2J — ttr+1 "•" T 1 Vi ^ a ' = 

is reducible. Therefore, the component flat 

(m-2)! (ro-3)! . , _ 
— 2 - — a r+ i H yy — ci(a) = 

is invariant. This case has also been treated above. 

By the same reasoning we may treat the other similar cases which arise. 

The Function \j/(a) Transcendental Invariant. — Since the point 
ad) = (0, • • •, 0, 1) is invariant to the adjoint of G, the spreads 



^-i rav(«)l n 



.1=1 i u =l L""'! •••»«>> Ja=« U) 



etc. 



are invariant to the adjoint of G. Wherefore, there is an algebraic spread 
invariant to the adjoint of G, a case already treated above, or all the partial 
differential coefficients of \p(a) qua a\, • • • , a r +i are zero for a = a (1) . But 
this is impossible as is shown below. 
We have seen that 

iKa) = F(h, ■■•,/3 r ), 
where 

Pi = T , • • •> Pr = ~ ~ , Pr+i = a r+ i, 

«r+l a r+ i 

can be taken analytic in the neighborhood of the point ft 1 ' = • ■ ■ = /3 ( f J) = 0, 
/3 ( r +i = 1 ; and, therefore, 

*(«) = F(/3) = F08<«) + £ 0,- [^ 1 

' = 1 L "Pi J(3=(3 ( 



+ 

Since 

3^(q) = dF(P) J_ 

da r+ i a?+i dft a? +1 d/3 r 



2££^UpV>p , J + + • 

(i= 1,2, ...,r), 
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we should have, if 



Wl -0 (*-!,*. ...r). 



Since 



8 2 i(a) d 2 rP(a) 1 d 2 F(J3) 



da t da r+1 da r +idai a 2 r+ i d0id(3 r+ i 
we should have, if 



(i= 1,2, ■••,r), 



(i= 1,2, •••,r+l), 



r ^]„ -.- (-i.=.-.h.i), 



= ({= 1, 2, ..., r), etc. 



'd*jm~\ 



Thus in case the partial differential coefficients of ^(a) qua a u • • • , a r+ i are 
all zero for a = a (1) , then 

*(a) = F(/3) = 0, 

which is contrary to the assumption. 

Note. — Not in all the groups with r + 1 essential parameters and one ex- 
ceptional infinitesimal transformations can all the c t jr+i's (i, j = 1, 2, • • •, r) 
be made zero. The group with 5 essential parameters and one exceptional 
infinitesimal transformation, isomorphic (not holoedrically) with the 
integrable group of 4 essential parameters of the type, 

(F 1; F 2 ) = 0, (Y 1 , F 3 ) = 0, (F 2 , F 3 ) = Y u 

(F 1; F 4 ) = F 1; (F 2 , F 4 ) = F 2 , (F 3 , F 4 ) = 0,* 

may serve as an illustration where not all the C;y r 's (i, j = 1, 2, 3, 4) can be 

made zero. 

Clark University, 
June 14, 1917. 



* Lie-Scheffers, " Continuirliche Gruppen," p. 5S2. 



